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SUMMARY 


This report presents the results of "general" tests on the 
hydrodynamic characteristics of a family of flying-boat hull models. 
The purpose of these model tests was to explore higher length-beam 
ratio hulls than were previously investigated, and to investigate 
the effects of forebody~afterbody proportion and step depth’ on the 
hydrodynamic characteristics of hulls with varying length-beam ratio. 


The results of this investigation indicate that for loading 
conditions approximating those of current practice, increasing hull 
fineness causes relatively minor changes in the hydrodynamic charac- 
teristics when the hulls are compared on either the basis of constant 
planform area (K, /2)* or the basis of constant length®-bean product 
(Kp) 

When the sternpost angle is held constant, the optimum fore= 
body-afterbody ratio does not change with hull fineness. On the 
basis of the resistance characteristics in the displacement and hump 
speed regions and the lower stability limit properties, the shortest 
forebody length tested (55 percent of the length, forepoint to stern=- 
post) is slightly better for each of the length-beam ratios considered 
(t/> = 6, 8 and 10). Further studies should be undertaken utilizing 
a wider range of forebody~afterbody ratios within variations in hull 
fineness, to determine with certainty whether still longer afterbodies 
are advantageouse 


To obtain the most effective overall spray, resistance and 
longitudinal stability characteristics, the step depth in percent of 
beam should be increased with length-beam ratio. The series of models 
used in this study was constructed so that increase in step depth is 
accompanied by a corresponding increase in sternpost angle. It is now 
known that the effects attributed to step-depth change are mostly 
caused by sternpost angle variation. Step depth as an independent 
variable (i.e., with constant sternpost angle) has its major effects 
on the skipping characteristics which were not investigated here. The 
sternpost angle occurring with the best step depth for each length- 
beam ratio is the same, 8.9 degrees. 
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INTRODUCTION 


In previous length=beam ratio studies, which utilized hull 
families arbitrarily expanded from a conventional design having a 
ratio of approximately 6, every effort was made to isolate rigor- 
ously the effects of length-beam ratio as an independent parameters 
The past studies did not attempt to discover whether the relative 
importance of other major hull-shape variables would change when 


the length-beam ratio was changed. 


Fundamentally, of course, there is no reason to suppose, 
for example, that for optimum performance, the forebody~afterbody 
length ratio of a hull with an overall ratio of 6 should be the 
same when the overall ratio is increased to 10, since forebody 
and afterbody serve different functions. Accordingly, it was be- 
lieved that fundamental hydrodynamic information should be ob- 
tained by testing a series of hull models with various length- 
beam ratios, using a range of step depths and forebody=-afterbody 


“length ratios for each length-beam ratio. 


Model tests were made on a related series of flying-boat 
hulls encompassing three length-beam ratios, three step depths, 
and three forebody~afterbody length ratios. It appeared unneces- 
sary to test all 27 of the possible combinations of these variables 
so that only 21 were actually investigated. To put the tests on 
a comparable basis, all of the hull models were considered to be 
underbodies for a single aerodynanic structures 


All tests were of the "general" type, covering a wide range 
of practicable hull loadings. Collapsing nethods previously de- 
veloped made it possible to employ an abbreviated test program and 
to report all the results for each model on one compact sumnary- 
charte 


Because of the abbreviated test programs, the investigation 
of the "peak" of the lower trim limit of stability was not detailed. 
More complete information in this region can easily be obtained by 
running additional tests, and this is now being undertaken under a 
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separate contracts Results will be presented in a supplementary re- 
porte 

The investigation which forms the subject of this report was 
authorized by the National Advisory Committee for Aeronautics, under 
Contract Noe NAw 36385, dated September 15, 19hh. 
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DEFINITION OF TERMS 


The coefficients and terms used in this report are defined as 


follows: 
Load Coefficient Cy = Afi? 
Static Load Coefficient Cy = 8/0? 
Speed Coefficient oy = V//gb 
Resistance Coefficient Cy = R/rb? 
Trimming Moment Coefficient Cy. = nyfrivlt 
Longitudinal Spray Coefficient Cy = X/o 
Lateral Spray Coefficient Cy = Y/o 
Vertical Spray Coefficient Cy = Z/o 
Draft Coefficient Cy = df 
r) 
Pitch Damping Coefficient “us = pl 
Comparison Criteria Ky = a/ wp 
Ky jp = Ao/ w3/2,3/2 
Kye s a/ waP/2 1/2 
where» 
4 = load on water at any speed, lb. 
4, = static load on water, lbe 
w = specific weight of water, lb./cu.fte 


(ws 62.3 1b./cu.ft. in these tests) 
b = beam at main step centroid, ft. 
V = speed, fte/sece 
getaway speed, ft./sec. 


co 
rT 


= acceleration of gravity, fte/sece” 
(g = 3202 ft./sece” in these tests) 
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R= resistance, lbe 
trimming moment, lb.fte 
X = longitudinal position of main spray point of tangency to 
" the blister envelope, measured fore and aft of the main 
step centroid, fte . 


& 
a 


Y = lateral position of main spray point of tangency to the 
blister envelope, measured at right angles to and from 
the hull centerline, fte 

2 = vertical position of main spray point of tangency to the 
blister envelope, measured from the tangent to the fore~ 
body keel at the main step, fte 

d = maximum draft of hull, ft. 

= mass. density of water, Lb.sece2/tte! 

(o,, = 1.935 Lbesece?/tte! in these tests) 

p, = mass density of air, lb.sece*/ft. 

(2, = 0.002378 Lbesece2/tt. 4 in these tests) 

M,_ = aerodynamic pitch damping rate (contribution of horizontal 
tail only), Lbeftesece /rade 

k = radius of gyration in pitch about CG, fte 

L = length of hull, forepoint to sternpost, fte 

= length of forebody, forepoint to step centroid, fte 

= length overall, fte 


The air drag of the model, but not of the apparatus, is included 
in the water resistance. Moment data are referred to the center of 
gravity, end water trimming moments which tend to raise the bow are con= 
sidered positive. 


The trim angle, 3 , is the angle between the tangent to the fore= 
body keel at the step, and the horizontal. 
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MODELS 


The lines of the parent model for the family were developed 
from a lengthened forebody version of the PB2Y=l hull. This resulted 
in a parent hull having a length—beam ratio of 6 and a forebody length 
58 percent of the distance from forepoint to sternpost. Forward of 
the step centroid, the cross section of the forebody is constant for 
a length equal to 133 percent of the beam and has a deadrise of 22.5 
degrees. The parent has a 30° V-step, with a step depth at the keel 
of 8 percent of the beam. The afterbody has a constant deadrise of 
22.5 degrees and an afterbody angle of 7 degrees. The body plan and 
profile of the parent model are shown on pages 35 and 36, respectively. 
This model is designated 6-58-8: the first numeral indicating length- 
beam ratio, the second group indicating the length of forebody in per- 
cent of total length (from forepoint to sternpost), the third group 
indicating step depth at the keel in percent of beam. 


Six variations of this model, all with a length-beam ratio of 
6, were made in the manner indicated by the chart of models on page 
3h. When increasing or decreasing the forebody length, the same 
length of forebody flat was maintained, and the forward forebody sta- 
tions were spread apart or squeezed togethers Changes in hull pro- 
portion were, in fact, a moving aft or forward of the main step. The 
afterbody stations were held the same distance aft of station zero as 
in the parent form and were merely raised or lowered to obtain the 
necessary step height. No change was made in the afterbody planform 
within eny particular length-beam ratio growe 


The middle model of the group with length-beam ratio 8, desig- 
nated 68-58-10.66, had a forebody length of 58 percent of the total 
length and a step depth at the keel of 10.66 percent of the beam Six 
variations of this model were made as shown by the chart of models on 
page 34. For all the models of length-beam ratio 8, the region of 
constant cross section, or forebody flat, was equal to 100 percent of 
the beam. 


The middle model of the length-beam ratio 10 group, designated 
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10-55-1333, had a forebody length of 58 percent of the length from 
forepoint to sternpost and a steo height of 13.23 percent of the beam. 
In this group, the forebody flat was equal to 66 percent: of the beam. 
As shown by the chart of models on page 3h, six variations of this 


model were madee 


When increasing or decreasing the forebody length within a 
given length-beam ratio, the method used was the same as that de- 
scribed for the length-veam ratio 6 models. For the hulls with 
higher length-beam ratios, the station spacing of the parent was 
uniformly increased over that part of the forebody forward of the 
region of constant section, and over the whole of the afterbodye 


The scale ratios of the hulls in different length-beam ratio 
groups cannot be determined until a suitable definition of size is 
introduced. According to one definition, hulls of different length- 
beam ratio can be said to have the same size when their length®-beam 
products are the same. If this definition of size is adopted, and 
the 1/30 scale model of the XPB2I-1 flying boat (L/b = 66193 b = SelO"5 
4, = 6,07 lb.) is used as the basis for comparison, than all the models 
of different length-beam ratios will have the same size when their 
length*-bean products are 60)2 in. If this is so, the beams for the 
models with length-beam ratios of 6, 8, and 10 will be 5.52 inches, 
4.55 inches, and 3.92 inches respectively, as shown by the upper set 
of figures on page 10. For convenience in testing, however, all 
models were constructed with a 5.) inch beam, altering the scale 
ratio of each length-beam ratio groupe The scale ratios for the 6, 

8, and 10 length-beam ratio groups can be found to be 1/3007, 1/25.3 
and 1/21.8 respectively. 


Since the different length-beam ratio groups are related by 
~virtue of a constant length?-beam product and constant. gross weight, 
they can be considered to be 2 variation of hull form to be substi- 
tuted under one hypothetical airplane design. Consequently, when 
expanding the parent to length-beam ratios greater than 6, the fol- 
lowing conditions were maintained: 


1) the intersection of keel and chine at the bow was held 
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at approximately the same height above the baseline for 
the full-scale hulls (Reference 1), 


2) the depth of step, in percent of beam, was increased with 
increasing length-beam ratio to hold the step depth ap- 
proximately constant as the beam decreased, 


3) the length of forebody flat, in percent of beam, was de= 
creased with increasing length-beam ratio to help offset 
the increase in trim of the lower stability limits accom 
panying high length-beam ratio hulls. 


The test results may have been affected somewhat by altering the amount 
of forebody flat in direct proportion to changes of length, since fore~ 
body warping is known to have an independent effect (Reference 7). 


Body plans and profile lines for the parent models of the L/b = 8 
and L/b = 10 groups are on pages 37 through 0. The body sections for 
these two groups are the same as those for the L/o = 6 parent except 
that the chine is higher forward, resulting in greater deadrise angles 
at the dovwe 


All 21 models, as built, are identical in the following respects: 


1) a 30° V-plenform step, 

2) a beam of 5.40" at the step centroid, 

3) the beam, measured at the chine, at corresponding stations, 

h) the forebody keel height at corresponding stations, 

5) the forebody deadrise angle in the region of constant cross 
section and a constant afterbody deadrise angle of 22.5°, 

6) an afterbody angle of 7°, 7 

7) the center of gravity located 35 percent of the beam for- 
ward of the step centroid and 90 percent of the beam above 
the forebody keel. (This location is the same as that used 
in an investigation of a Standard Series of hull models for 
the Bureau of Aeronautics). 


Pertinent model hull particulars are tabulated on page 33. 
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TESTS 


Model Design Characteristics and Scope of Tests 

For a series of models of varying length-bean ratio, incorpor- 
ating systematic changes of shape emanating from a single "parent" 
form, previous studies (Reference 2) indicate that at least the re= 
sistance and spray characteristics are approximately the same when 
the beam loading coefficient is proportional to the square of the 
length-beam ratio, ieee, Cy = Ko(L/o)*%. The normal beam loading 
coefficients for the varying length-beam ratio hulls is this study 
are based on a constant Ky value of 0.028 This value is derived~ 
from the XPB2M-1 flying boat (L/b = 6019) at a gross load of 16°,000 
pounds. When a constant Ky value is used, size differences between 
the various length-beam ratio hulls are eliminated by holding the 
length?-bean product constant, as discussed on page 7. 


The design characteristics of a 1/30-scale model of the xPB2Ie: 
are tabulated on page 10. The second set of figures give the design 
characteristics of the hulls in the three length-beam ratio groups 
red here, derived on a constant Lb product basis. By using 


cor 
this basis, size is eliminated as a factor and the various length- 
beam ratio hulls have the same scale, 1/30. Although these hulls 
have different length-beam ratios, each could be substituted as the 
hull of a hypothetical model air structure having the same scale and 
gross weight as the XPB2li-l model. ‘Also, each model hull would be 
expected to have the same tail-damping rate, / as the XPB2ii-l. 
The value of the radius of gyration, Kk, was derived for each model 
by making it directly proportional to the overall length including 
the tail conee The only change in overall length is. that of the 
forebodye Because of the similarity of dimensions, the radius of 
gyration for the model designated 6-55 was assumed to be the same 

as that of the XPB2lM-l model. 


ny 
* This can be written Ky s $ 
wLb 
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The third set of tabulated figures give the actual design char— 
acteristics for the constant beam models used in the testse Changes 
from the second set of figures are due, simply, to changes in the scale 
ratios of the models. 


Ranges of loading coefficient for the several models were se- 
lected on the basis of past practice as analyzed in Reference 3. The 
pertinent data from Reference 3 and the Ca values used in the present 
investigation are reproduced on the chart on page 43. The chart shows 
that the ranges of load coefficient vary approximately with the equation 
oy K(L/o)’. 

The mean getaway speed coefficients for the various hulls tested 
are based on a getaway speed coefficient of 7600 for the XPB2i-l at 
165,000 pounds. Since present day trends are toward higher take-off 
speeds, a range of getaway speed coefficients from 5.00 to 11.00 was 
taken for the XPB2M-1l. 


The tabulation below summarizes the ranges of loading coeffi- 
cient and getaway speed coefficient for the several models: 


L/b 6200 8.00 10,00 


High 1.40 2.50 380 


os Normal 1.00 1.80 2.80 
Low 0.60 1.10 1.80 
High 11 12 43 
Cy “ean 609 706 8.2 
8 Low 5 55 509 
The relationship , 2 
C. 
Vv 
g 


was used in determining the load fall-off curves of net water-borne 
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load versus speeds The unloading curves shown on page li are for the 
hulls having a length-beam ratio of 8. 


Test Apparatus and Procedure 

The apparatus and procedures used in making this series of, tests 
were those generally employed at the Experimental Towing Tank during 
tests fort 


Main Spray (References }; and 5), 

Resistance (Reference 6), : 
Longitudinal Stability (References 6, 7, and 8), 
Static Properties. 


The apparatus described in these references were those used for test— 
ing in the original towing basin designated as Tank Noe le As soon as 
they were available, the additional facilities provided by the new 

300-foot towing basin, designated as Tank Noe 3, were also employed. 


The towing apparatus used in Tank Noe 3 (see pages }1 and 2) 
is designed in such a way that both resistance and stability tests 
can be made with the same apparatus. For resistance tests, the model 
is allowed freedom of trim and heave. The part of the apparatus to 
which the model is attached is allowed limited straight-line horizontal 
motions This part is suspended from the carriage by Watt links and is 
connected to a dynamometer for measuring the resistances Vhen stability 
tests are made, the horizontal motion is preventede The data for these 
tests are obtained on smoked glass slides as described in Reference 6. 


The procedure followed in m&ing resistance and longitudinal 
stability tests in Tank Noe 3 are the same as those described in the 
references given above for equipment used in Tank Noe le 


Static properties can be determined using either the Tank Noe 3 
apparatus or the Tank Noe 1 resistance apparatus. The model is sub- 
jected to various water-borne loads, and the corresponding trims and 
drafts for each load are determined. 


The data included here were obtained by the "general" method 
of testing flying-boat hull models. The term "general" is used in 


the same sense in which it is ordinarily employed by the NACA in con- 
nection with resistance tests (see Reference 9)e It was necessary to 
use this method because no single water-borne load or trim (even if 

these were made functions of speed) could be. established as represen- 
tative for a given flying boat. In addition, it was possible, by us- 
ing the general method, to simplify test programs and so expedite the 
accumulation of data. ; 


The lines of the models were supplied in groups, first those 
of length-beam ratio 8, then 6, and finally 10. A Stevens Note (Ref= 
erence 10), giving the preliminary results for each group, was rea 
leased as soon as the work on each group, was completed. Since the 
results were required as rapidly as possible, it seemed more effi- 
cient to complete the tests on all the designated models, rather than 
to delay the experimental work in order to compare the results of a 
few selected hulls in an attempt to reduce further the number of 
models in the series. 
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PRESENTATION OF RESULTS 


To simlify the presentation of the hydrodynamic characteristics 
investigated and to make it as compact and all-embracing as possible, 
the spray, resistance and longitudinal stability results are presented 
in collapsed form on pages 66 through 86 as a one-sheet summary report 
for each model. Each chart is divided into three parts and shows: 


1) at the top — Dimensions of the Spray Blister Envelopes 


for free-to-trim tests at displacement speeds, in accordance 
with method of presentation developed in Reference 5. 


2) in the middle — Resistance and Trim Angles for free-to- 


trim tests at displacement speeds, in accordance with the 
method of presentation developed in Reference 6. A curve 
is shown for each Cys since no basis has been found for 
collapsing the resistance results in this speed range. 


3) at the bottom — Resistance and Stability Characteristics 
at planing speeds, in accordance with the methods of pre= 
sentation developed in References 6 and 8. The curves 
represent the data for all values of C 4 and trim covered 
by the tests. 


The purpose of the summary chart is simply to present a com= 
plete report on one model. It does not represent the end result ulti= 
mately desired in standard series work - namely, to show the effect of 
form variations from model to model. The importance of the sumary . 
chart is that it clears the way for a direct consideration of the trends 


to be revealed in a standard series study. 


For clarity, moment data are omitted from the summary charts and 
are plotted separately in nondimensional form on pages 87 through 107. 
These charts present moment coefficients at the trims and load-speed 
combinations (VC,/c,,) at which they occur throughout the planing 
ranges Because the data are so scattered around the hump, no attempt 
has been made to draw curves through the plotted points. 


The static properties are presented on pages 108 through 128. 
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These charts show how the draft coefficient, C a varies with trin J, 
and load coefficient, C,, for zero moment. On pages 63 through 65, 
are static properties charts for Liodel Noe 685 (10-58-13.33) showing 
the variation of draft and trim with changes in center of gravity 
positions 
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EFFECT OF HULL SHAPE VARIABLES 


Two groups of comparisons are made. First, models with vary= 
ing length-beam ratio are compared to determine the effect of length- 
beam ratio on the hydrodynamic characteristics. Second, models with 
the same length-beam ratio are compared to determine the effects of 
forebody-afterbody length ratio and step depth on the hydrodynamic 
characteristics. 


Effect of Length-Beam Ratio 


The influence of length=beam ratio on the hydrodynamic charac= 
teristics of a flying-boat hull cannot be determined until differences 
of "size" are eliminated. This may be done by using equations of the 
type 

c 4,7 K, (L/o)” 


or, in a more useful form, 


Ka - 

‘n Ww 3-n 
with n greater than zero but not greater than 3. It will be noted 
that, for any value of n, K will eliminate size as a factor and is, 
in fact, a substitution for ch as the criterion for comparisons be= 
tween hulls. 2 


For the present discussion, three values of n are chosen on 
the basis of the results in previous reports relating to the influence 
of length-beam ratio on hydrodynamic characteristics (References 2, 11, 
and 12). The first, n = 3/2, is used to compare hulls on the basis of 
constant load on a given planform area. On this basis, all hulls have 
the same draft. The second, n = 2, is used to compare hulls on the 
basis of equal seaworthiness, assuming that a hull is satisfactorily 
seaworthy when loaded to half of the load required to sink it when it 
is running in waves at low speeds (Reference 13). The third, n= 5/2, 
is used to compare hulls on the basis of draft being a constant per= 


centage of forebody length. When the draft at the step, expressed as 
a constant proportion of the length of the forebody is taken as the 
eriterion, the British (Reference 12) define the seaworthiness as be- 
ing equal. 


In order to determine the effect of length-beam ratio on the 
hydrodynamic characteristics, three hulls with different length-beam 
ratios were selected for comparison on bases of constant Ky 5/2? Koo 
and Ky 5/28 


bases was to show the relative effect of these bases on the charac- 


The purpose of making the comparison on three different 


teristics of the hulls. The models chosen were: 


Sternpost 
Model Noe Designation Angle 
65), 658-8 920° 
634-03 8-58-10.66 89° 
685 10-58-13.33 8.9° 


The effects of forebody-afterbody hull proportion and sternpost angle 
(varies when step height and length-beam ratio are varied) were mini+ 
mized by choosing approximately similar hulls with respect to these 
design features. Step depth, when treated as an independent variable 
(i.e., with constant sternpost angle), has its major effects on the 
skipping characteristics of flying-boat hulls which were not con- 
sidered heres 


The loadings used in the comparisons are based on a Ky of about 
0.02) which is in agreement with present design loadings, while the 
loads used for the tests are based on a nominal Ky of 00028 Because 
of the wide range of loads included in the tests, enough data were 
available to make the conversion. 


The three models were treated as three different hull versions 
for a full-size airplane with a gross load of 115,250 pounds and a 
wing area of 2100 sqefte (unloading curve shown on comparison charts, 
pages 45 through 47). For comparison on a constant K3 7p basis, the 
design characteristics of the three models were computed from the 
full-size figures to bes 


R312 
“17 


R-312 


“184 


L/o i b 4 (tp) K 

“dn ine 1b. 2 ind §=_3/? 
6 32094 50h 5012 0086 = 230, B58 
8 33.00 4.75 5012 1033 230. a 584 

104256255812 1.85 2430 @58 


To obtain the design characteristics of the three models for compari- 
son on a constant Ky basis, the same full-size design characteristics 
were used and the hull with L/b = 6 taken as the base boats 


Lb L b 4 Cy > Ky 
ine ine lb. ° ine? 


é 5612 0.86 5957 0238 
8 3662 =e 3 5012 1.52 5957 0238 
5.12 2037 = 5957-40238 


In a like manner the design characteristics of the three models were 
determined for comparison on a constant Kore basis, the L/b = 6 
model again being the base boat: 


Lf L bd My c, Pe Ky yp 
in. in. lb. ‘° in.3 
6 32e9h 5eh9 = 5012 0086 = 14560 = .00974, 
8. 3459 e325 012 1.76 14560 00974 
10 35080 3258 5.12 3008 14560 0097), 


On pages 5 through 7, the principal hydrodynamic charac- 
teristics of the three selected hulls are comparéd on the bases of 
K3 728 Koo and Ky joe The comparison charts show that the beam load- 
ing cannot be increased in proportion to the 5/2 power of the length- 
beam ratio without sacrifice in some of the major hydrodynamic char- | 
acteristics (in this instance, longitudinal stability and main spray), 
and that the choice lies somevhere between Kk, 5/2 and Koe 


Moment versus trim curves for a speed near take-off and a 
speed near the hump are shown on page 8 for the three different 
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length-beam ratio hulls on both the constant Ky and K, /2 basese 


Moment stability limits are shown on page 49 for the three 
different length-beam ratio hulls on bases of constant Ky and K, /2° 
At each speed, the applied pitching moment which causes a 2 degree 
oscillation in trim angle is called a moment stability—Limit point. 


If the length?-bean product (K5)o percentage of forebody 
length and,sternpost angle are held constant, increasing length-beam 


ratio: 


a) lowers the resistance and trim at speeds below the hump, 

b) has little effect on high speed resistance, 

c) reduces the stable range of trim angles, 

d) raises the main spray blister (although this is due, 

; partly, to differences in forebody warping), 

e) increases the stable range of pitching moments at high 
speeds (near take-off), 

f) increases the "stiffness" of the hull (less change in 
trim per inch=pound of moment). 


Effect of Forebody-Afterbody Length Ratio and Step Depth 


To determine the effect of increasing the percentage of fore= 
body to total length (forepoint to sternpost) for the length-beam 
ratios considered, three models from each of the three length-beam 
ratio groups are compared on a constant planform area (K3 7p) basis. 
(Since only hulls having the same length-beam ratio are compared, it 
does not matter what in is used.) The three groups of models come 
pared are listed below. These particular hulls were selected because 
their sternpost angles are very nearly the same. In this way stern- 
post angle, which is mom to affect trim, is eliminated as a variable, 
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Sternpost 

Model Noe Designation Angle 

656 6-556 8.1,° 

Group I 653 6-586 85° 
658 661-6 8.6° 

642 8-558 803° 

Group II 633 8-58-8 8.1,° 
6h 861-8 8.5° 

67h 10-55-10 8.30 

Group III 689 10-58-10 Bel, 
687 10-61-10 B65: 


Comparisons of the principal hydrodynamic characteristics for 
the models selected are. on pages 50 through 55. If the planform 
area, length-beam ratio, step depth and sternpost angle are held con- 
stant, increasing the percentage of forebody to total length from 55 
to 61 percent: 


a) 
b) 


c) 


a) 


e) 


increases the resistance at displacement and hump speeds, 
raises the free-to-trim track in the displacement and hump 
speed regions, 

has no appreciable effect on the lower limit of stability 
for the groups with length-beam ratios of 6 and 8, but 
raises the lower limit for the group with length-beam ratio 
of 10, 

has a relatively minor effect on the spray envelopes for 
the length-beam ratio groups of 6 and 8, and indicates no 
clearly defined tendency for the length-bean ratio 10 
groups, 

has no appreciable effect on the static drafts, but raises 
the static trims. 


Since the step depth in any one length-beam ratio group was 
varied by raising or lowering the hull afterbody, the sternpost angle 
increased with step depthe Because step depth is a function of stern= 
post angle, the effects which are attributed to step depth variations 
could be more accurately ascribed. to sternpost angle changes. Some 
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step depth comparisons, including effects on the spray, resistance, 

longitudinal stability and static properties, are shown on pages 56 

through 61. Sternpost angle differences are noted on these compari 
son chartse Increasing step depth (with a corresponding increase in 
sternpost angle): 


a) raises the upper limit trims, 

b) raises the spray height at the step, 

c) raises the resistance around the hump, 

ad) raises the free-to-trim track in the vicinity of the hum, 

e) increases the static drafts slightly and raises the static 
trims appreciably. 


In addition to the step depth comparisons discussed above, a 
study of the model test results was made to determine the best step 
depth and sternpost angle for hulls with different length-beam ratios. 
The chart on page 62 was obtained from the results of this study. 


As a matter of incidental interest, the center of gravity posi- 
tion was altered on Model No. 685 (10-58-13.33) to determine its ef= 
fects on the static drafts. The charts on pages 63 through 65 show 
that changing the location of the center of gravity does not cause 
any appreciable changes in the static draftse 
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DISCUSSION 


The manner in which the models are altered when the variables 
under consideration are changed has an important bearing in apprais- 
ing the results of a study of the present typee In this instance, 
the afterbody angle was held constant and changes were made in hull 
proportion and step depth, in addition to changes in length-beam 
ratio. Consequently, changes occurred in the sternpost angle. Since 
variation in sternpost angle affects the hydrodynamic characteris- 
tics, it is difficult to determine the separate effects of the other 
variables unless only those models with the same sternpost angle are 
comparede In addition to the above alterations of form, the forebody 
flat was decreased as the length-beam ratio was increased. This was 
done to help offset the increase in trim just beyond the "peak" of 
the lower stability of high length-beam ratio hulls. Since spray 
characteristics are affected by length of forebody flat, any compari- 
son of the effect of length-beam ratio on spray characteristics will 
also reflect the effect of forebody warping. 


As far as possible, an effort is made to exclude seeders ef- 
fects from comparisons between models of varying length-beam ratios 
The three comparisons of specific hulls (shown on pages 5 through 
47) demonstrate that increasing the beam loading coefficient, Cy,» 
from a rate proportional to the 3/2 power of the length-beam ratio 
to a rate proportional to the 5/2 power magnifies the differences 
in hydrodynamic characteristics between the three different length= 
beam ratio hulls. Differences in the lower stability limits are 
especially magnified. The K, 2 basis for comparing the hydrodynamic 
characteristics of varying length-beam ratio hulls increases beam 
loading with length-beam ratio at a much too rapid rate and, there- 
fore,discloses great disparities between the characteristics of 
nodels with different hull fineness. When either K. 3/2 or Ky is used 
as a basis for comparison, there is “not a great deal of de aden 
between the hydrodynamic properties of different length-beam ratio 
hulls. The one major difference (found when either of the three 


bases of comparison is used) is in the lower stability limits, which 
are influenced by forebody warping. These comparisons show that in- 
creasing hull fineness decreases the stable range of trims. However, 
the moment stability charts on pages 48 and 49 indicate that increas~ 
ing hull fineness increases the stable range of trimming moments, es- 
pecially at high speeds, so that the decrease in trim spread between 
the longitudinal stability limits is partly offset by the greater 
stiffness of the high length-beam ratio hulls. These factors indi- 
cate that for the range of length-beam ratios studied here and for 
loading conditions approximately those of current practice, increase 
ing length-beam ratio has no large detrimental effects on the prin- 
cipal hydrodynamic characteristics 


Within the range of variation used in this study, the optinun 
forebody-afterbody length ratio does not change with hull fineness 
when the sternpost angle is held constante In practically all in- 
stances, increasing the forebody length from 55 to 61 percent of the 
total length had small adverse effects on the hydrodynamic charac~ 
teristicse This was most clearly illustrated in the cases of low 
and hump speed resistance and trim characteristics. 


The spray envelopes were not, on the whole, sensitive to changes 
in forebody proportion. llowever, the spray envelopes seemed to be more 
liable to fluctuate with change in forebody proportion with the high 
length=beam ratio hull groupse When the forebody proportion of total 
length is increased, the lower stability Limits of the groups of models 
with length~beam ratios of 6 and 8 are unaffected, but for the group 


of models with the length-beam ratio of 10, the lover limits are raised. 


The tests indicate that the forebody length 55 percent of total length 
(forepoint to sternpost) is best for all three length-beam ratio groups 


investigated, on the basis of the resistance characteristics in the dise 
placement and hump speed regions, and the lower stability limit proper 


tdese Further studies should be undertaken using a broader range of 
forebody~afterbody proportions within variations of length-beam ratio 
to determine with certainty whether still longer afterbodies are ad= 
vantageous, as these tests seem to indicate. 
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Variation of sternpost angle, which was not considered in the 
original specifications, has an appreciable effect on the hydrodynamic 
characteristics of flying-boat hulls. The sternpost angles for the 
hulls in this series are those resulting from a systematic variation 
of forebody proportion and step depth with constant afterbody angle. 
Since sternpost angle will affect the static properties, stability 
limits, and free-to-trim data, changes in these characteristics which 
are attributed to step depth change are, in reality, largely due to 
variations of sternpost angles 


Increasing step depth (with a corresponding increase in stern- 
post angle) will increase the stable range of trims by raising the 
upper stability limite However, increasing step depth and sternpost 
angle also raises the free-to-trim track, with a resulting increase 
in free-to-trim resistance and spray height at displacement speedse 
Therefore, the step depth (and sternpost angle) for different length 
beam ratio hull designs must be selected so that a good compromise is 
reached between longitudinal stability, spray and resistance perfor- 


Wance 


The results of the tests indicate that the step depth in per- 
cent of beam should be increased as length-beam ratio is increaseds 
The best step depth in percent of beam for the length-beam ratio of 
6 models is 8 percent, for the length-beam ratio of 8 models, 10.67 
percent, and for the length-beam ratio of 10 models, 13033 percents 
The sternpost angle for each of these three models is the same, 8.9 
degrees. 


The number of tests run on each model in the series was kept 
as low as possible by taking every advantage afforded by the methods 
of collapsing datas In the planing region, data covering a wide 
range of loading conditions can be represented by a single curve, so 
that the number of tests made in this range can be limited greatly 
and the curves still defined accurately (References 6 and 8). dust 
below planing speeds in the transition region, the lift supplied by 
the water is partly buoyancy, and the data obtained at various load= 
ings in this vicinity do not collapse. Because resistance charac= 
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teristics were investigated in both the planing and displacement ranges, 
sufficient tests had to be made in the displacement and transition 
regions to determine the curve for each load investigated. There is, 
therefore, resistance data over “the whole speed range, so that it is 
possible to make specific resistance curves for operating conditions 
within the range of loads investigated. 


Lower limit porpoising tests, however, were insufficient in 
the transition regione Since the data at various loadings do not col- 
lapse in this region, the curves dravm are valid only for the loads 
and speeds at which they were testeds (The load and speed at which 
each stability limit point was found may be determined by consulting 

he moment data charts presented on pages 87 through 107.) 


Supplementary tests are being made to determine the "peaks" 
of the lower limit, at a series of constant loads for the middle hull 
of each length-beam ratio groupe These additional tests will yield 
a lower stability Limit branch for each constant gross load. At plane 
ing speeds, the separate branches collapse into a single lower limit 
curvee With this information it will be possible to obtain specific 
porpoising limits for operating conditions within the loadings in- 
vestigated. The results of this study will be reported separatelye 
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CONCLUSIONS 


The test results presented here provide a basis for: 
Ae Clarifying the significance of lengthebeam ratio as an 
' independent variable, 
Be Indicating whether or not the effects of other major hull- 
shape variables change with variation of length-beam ratio. 


The following conclusions are dravm from test data, and apply to 
the family of models investigated: 
I) If the length*-bean product (Kp) » the loading condi+ 
- tions, the forebody length’ in percent of total length 
(forepoint to sternpost), and the sternpost angle are 
held constant, then increasing length-beam ratio 
a) lowers the resistance and trim at speeds below 
the hump, 
b) has little effect on high speed resistance, 
c) reduces the stable range of trim angles, 
a) raises the main spray blister (although this 
is due, partly, to differences in forebody 
warping) , 
e) increases the stable range of pitching moments 
at high speeds (near take-off), 
f) increases the "stiffpess" of the hull (ices, 
less change in trim per inch-pound of moment). 
2) The beam loading cannot be increased in proportion to 
the 5/2 power of the length-beam ratio without sacri- 
fice in some major hydrodynamic characteristics (eege, 
dongitudinal stability and main spray in the case con- 
sidered on page 7). As discussed on page 18, a rate 
proportional to the 3/2 power of the length-beam ratio 
is conservative. A rate proportional to the square of 
the length-beam ratio appears to be maximum, so that 
the choice lies somewhere between constant Ky /2 and Koo. 
3) For the conditions and limits of this study, there are 
no large detrimental effects due solely to increase in 


4) 


5) 


6) 
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iength-beam ratio, when the hulls are compared on the 
basis of the constant K, or Ky /2 load coefficient for 
loading conditions approximating those of current 
practices 


If the planform area, the loading conditions, the 
length-beam ratio, and the sternpost angle are held 
constant, then increasing the forebody percent of 
total length (forepoint to sternpost) from 55 to 61 
percent: 


a) increases the resistance at displacement and 
hump speeds, 

») raises the free-to-trin track in the displace~ 
ment and hump speed regions, 

c) has no appreciable effect on the lower limit 

"of stability for the groups with length-bean 
ratios of 6 and 8, but raises the lower Limit 
for the group with length-beam ratio of lo, 

d) has a relatively minor effect on the spray en= 
velopes for the length-beam ratio groups of 6 
and 8, and indicates no clearly defined tendency 
for the length-beam ratio 10 group, 

e) has no appreciable effect on the static drafts, 
but raises the static trimse : 


The optimm forebody proportion does not change with 
hull fineness when the sternpost angle is held con- 
stante On the basis of the statements in the preced- 
ing paragraph (1), it is concluded that a forebody 
length 55. percent of the total length (forepoint to 
sternpost) is best for all three length-beam ratio ; 
groups investigated. 


Increasing step depth (with a corresponding increase 


in sternpost angle) 


a) raises the upper limit trims, 
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b) raises the spray height at the step, . 

c) raises the resistance around the hump, 

a) raises the free-to-trim track in the vicinity 
of the hum, 

e) increases the static drafts slightly and 
raises the static trims appreciably. 


7) For the models used in this study, an increase in step 
depth is accompanied by an increase in sternpost angle, 
as discussed on page 2. It is now know that the ef= 
fects attributed to step depth change are, to a large 
degree, due to sternpost angle variation. This study, 
however, indicates that the step depth in percent of 
beam should be increased with length=beam ratio; in 
each length-beam ratio group, the hull with the best 
overall hydrodynamic characteristics has a sternpost 
angle of 8.9 degrees.’ Within the ranges investigated, 
the best step depth in percent of beam for the length- 
beam ratio group of 6 is 8 percent, for the length-beam 
ratio of 8, 10.67 percent, and for the length-beam ratio 
of 10, 13.33 percent. 
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HCDEL PARTICULARS 

Model Designation Hull F.Be AeBe Tail FeBe Step Stern Stern 
Igthe Lgth. Lgthe Cone Flat Height Post Post 

in in. in. Lgth. Lgth.e at at Neight Angle 

in. ine Keel Centroid ine Dege 

in. ine 

6566-5546 32e 17662 WeS8 WS 7.20 32 020 1.99 Sol~ 
657 6-55-10 17.82 14.58 ook ld 2020 ee 
653 6=5 8-5, 18.79 13.61 032 020 1.87 85 
654 6-58-38 18.79 13.61 oh3 030 1.98 90 
655 6-58-10 18.79 13061 05 ol 2.08 Fol 
658 661-6 19076 = 12064 032 220 1675 8.6 
659 6-61-10 19076 = 12.6) 05k ol 1.96 906 
642  8=55-8 4302 23676 =1903k 15089 540 ol3 030 2.68 8.3 
6u3 8455-13233 23076 = 193k “e72 059 2097 Gee 
633 BS 88 25006 «618.14 oh3 030 2053 8k 
$3), Se58~106066 25006 «18.1 053 oS 2668 8.9 
635 8=58-13.33 25006 18614 072 059 2602 oh 
6uy 9461-8 26.35 16085 43 030 2037 665 
64S  8+-61-13.33 26035 16.85 072 059 2666 906 
674 10-55-10 SheO 29670 24030 17200 3260 054 ol 30 843 
675 10-55-16.67 29070 — 2ho 30 090 077 3076 Fee 
689 10-58-10 31.32 22.68 05k 037 3420 Gok 
68! 10-58-13. 33 31.32 22468 072 5k, 3638 8.9 
686 = 10-53-16.67 31032 22.68 090 072 3056 93 
87 10-61-10 32094 21.06 ody 237 3000-85, 
688 10-61-1667 32094 21.06 90 +72 3636 905 


Beam at Stept 5el0 ine 
Deadrise of Forebody Flat and Afterbody: 2265 dege 
Afterbody Angle: 7 dege 
Length of Step Vs 1.56 ine 
Step Centroid 1.0) ine forward of apex 
CG Location 
Forward of Step Centroid: 1.69 ine 
Above Baseline: ).86 in. 
The sternpost angle is the angle between a line through the sternpost and step 
apex, and the tangent to the forebody keel at the step. 
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SCHEMATIG DIAGRAMS OF HULLS 


i a SS ae ai eae i 


fa ry 
55%—->—-— 45% 58% t 142% 61% —— 39% 
6-55-06 656 6-58-06 653 6-61-06 658 
dtesé eae 08%) ==" FOREBODY FLAT 
. ae 133 % 
Pe = 88 HE bg yg ——— = 
| 6-58-08 654 ' 
CONFIGURATION STEVENS NO. 
10%, 10%. 10%, ———. 
sae _4 
55% ——b- a5%—-- 58% 42% —- — BI — 39% 
6-55-10 6576-58-10 655 __ 6-61-10 659 
08% = —} 2 a = 08%, SS 
—* assasl pa 
— 55% —--— fasy,— 58%—-+ 42% 61% — 39% 
8-55-08 642 8-58-08 633 8-61-08 644 
rod 
= 10:66 % —————") FOREBODY FLAT 
L/B=8 100% b 
58% 542% 2 
8-58- oe 634 
13.33% 13.33%, — 
55 %o—— 845 5 58% "42% 61% ——-—394,- 
8-55- 13.33 643 8-58-13.33 635 8-61-13.33 | 645 
10% ——4 
ae 
85% p15 %~~- 58% = ~ 42% — -61% - 
10-55-10 674 10-58-10 689 10-61-10 
aaa 13.33% 3 1 FOREBODY FLAT 
L/B=10 LL : 66.67% b 
58 %— 42% 
10-58-13,33 685 
BBY 45% BBM Le 61% — a 139%. 
10-55-16.66 675 10-58-16.66 686 10-61-1666 = 688 


REF. CVAC_XM-44~-106.— 
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BODY PLAN OF PARENT 
6-58-8 
STEVENS MODEL No. 654 


L/b=6 


29 | SCALE: FULL SIZE FOR MODEL 
REF CVAG DRWG. XM-44-092 
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BODY PLAN OF PARENT 
8-58-10.67 
STEVENS MODEL No. 634 


L/b=8 


SCALE: FULL SIZE FOR MODEL 
REF CVAC DRWG. XM-44-090 
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BODY PLAN OF PARENT 
10-58-13.33 
STEVENS MODEL No. 685 


L/b=I0 


SCALE: FULL SIZE FOR MODEL 
REF CVAC DRWG. XM-44~o91 


R-3! 
-39 


Kole 
-4I- 


= | 
_ 
2 
= 
e 
wn 
aw 
| @he 
4 
ao 
zz 
° 
%e 
u@& 
wW 
©4 
ia2 
Ww ; 
Qa 
re) 
= 


R-3le 
-43 


EXPERIMENTAL TOWING TANK Rel: 
STEVENS INSTITUTE OF TECHNOLOGY -44- 
HOSOKEN. NEW JERSEY 
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EXPERIMENTAL TOWING TANK R-312 


STEVENS INSTITUTE OF TECHNOLOGY -45— 
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LOAD ON THE WATER, LBS. 


HEIGHT OF SPRAY ABOVE 


HYDRODYNAMIC CHARACTERISTICS OF THREE MODELS | +2 Sate a ee 
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YDRODYNAMIC CHARACTERISTICS OF THREE MODELS 
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STEP DEPTH COMPARISONS FOR LENGTH-BEAM RATIO 8 
SPRAY RESISISTANCE STABILITY 
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SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


DATE: JUNE 13, 1945 ¢ 4.0.35 b FWO.OFCENTROID Cs,= 1.00 (NOMINAL) DESIGNATION: 6 -55-6 
MODEL BEAN: 5.40” “~" 0.90 b ABOVE KEEL kK/L= 0.234 MODEL No, 656 
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LOCATIONS OF TANGENGIES OF FOREBODY SPRAY BLISTER ENVELOPES —13 HULL LINES 
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SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


DATE: MAY 9,1945 — ¢ ¢.0.35 b FWD.OF CENTROID Co. * 1.00 (NOMINAL) 
MODEL BEAM: 5.40" " 
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SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


Date: AUG, 21, 1945 6,G=0:35 > FWO.OF CENTROID Ca,= 1.00 (NOMINAL) DESIGNATION: 6 -58-6 
MODEL BEAM: 5.40" “0,90 b ABOVE KEEL k/L= 0.234 MODEL No, 653 
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\ SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


Date: AUG. 24, 1945 C.G= 0-35» FWO.OF CENTROID Cy,= 1.00 (NOMINAL) DESIGNATION: 6 -58-8 
MODEL BEAM: 5.40"  “"" 0.90 b ABOVE KEEL k/L= 0.234 Movet No. 654 


I I | | 
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SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 
Date: SEPT. 1, 1945 C.Gz O-35b FWO. OF CENTROID Ca. 1.OO (NOMINAL) DESIGNATION: 6-58-10 
MODEL Beam: 5.40" 0.90b ABOVE KEEL k/L= 0.234 MODEL No. 655 
LOCATIONS OF ‘TANGENGIES OF FOREBOOY SPRAY BLISTER EnveLores—_|5 HULL LINES 
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SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


Date: JUNE 28, 1945 ¢ -.0.35 b FWO.OF CENTROID Cy,= 1.00 (NOMINAL) DESIGNATION: 6 -61-6 
MODEL BEAM: 5.40" "0.90 b ABOVE KEEL k/L= 0.234 MODEL No. 658 


LOCATIONS OF TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES—13 HULL LINES 
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EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY 


MODEL BEAM: 5.40" 


HOBOKEN, NEW JERSEY 


SUMMARY CHART OF PR 


Date: JUNE 28,1945 ¢ ¢.0.35b FWO.OFCENTROID Ca, 
““" 0.90 b ABOVE KEEL 


k/L=0.234 


LOGATIONS OF TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES {3 
FREE-TO-TRIM, DI! 


ISPLAGEMENT RANGE 


NCIPAL HYDRODYNAMIC CHARACTERISTICS 
= 1.00 (NOMINAL) 


DESIGNATION: 6 -61 -10 
MODEL No. 659 


HULL LINES 


N - 26 
2o53- 
R-3! 
“72. 
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z S| 
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FROM CENTROID, Cx /C,/3 
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Ma /V3b* = 0.229 is 8 
2 1 —_ 
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DATE:APRIL IS, 1945, GG= 
Move BEAM: 5.4.0" 0.90b ABOVE KEEL k/L=0.220 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
INVESTIGATION CONDUCTED BY 
EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY 
HOBOKEN, NEW JERSEY 


SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


DEC.12, 1945 (REVISED), 35b FWD.OFCENTROID Ca.= 1.80 (NOMINAL) DESIGNATION: 8- 55 - 
MODEL No. 642 


i 
LOCATIONS OF: TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES: HULL LINES 


FREE-TONTRM, DISPLACEMENT RANGE 
LONGITUDINAL POSITION. 
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FROM STEP, Cx/Cai/> 
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Distance FROM ¢. 
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INVESTIGATION CONDUCTED BY N-2 4 
EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY -27- 


HOBOKEN, NEW JERSEY 


SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 
DATE:pER tig AS REVISED) 0.35b FWD.OF CENTROID Ca,= 1.80 (NOMINAL) DESIGNATION: 8- 55 -13.33 


Move Beam: 5,4" CSF Coop asove KEEL -k/L=0.220 MODEL No. 643 


HULL LINES 


= | 
TANGENCIES OF ‘FOREBODY SPRAY BLISTER ENVELOPES 3 
FREE-TO>TRIM, DISPLACEMENT RANGE. 


28 LOCATIONS. 


LONGITUDINAL POSITION 


is FROM STEP, Cx /Cql/5 | 
202- i A1—t ! 
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i) io S| 
Ne Distance FROM ¢. I | ster Qe 
i) Cy/oyrs go 
3a = | 
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H 
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032 - 1.80 
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"INVESTIGATION ‘CONDUCTED BY 
EXPERIMENTAL TOWING TANK- STEVENS INSTITUTE OF TEGHNOEOGY 


HOBOKEN, NEW JERSEY 


SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARAGTERISTICS 


DEGC.12,1945{REVISED) 


DATES JAN. 25, 1545 CG: 0.35b FWO.OF CENTROID Cs, = 1.80 (NOMINAL) DESIGNATION: 8-58-8 
MODEL BEAM: 5,40" “~" .90b ABOVE KEEL k/L= 0.220 Movet No. 633-02 
T amion Tl a ae rd 
285 a LOCATIONS OF ‘TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES —13 HULL Lines 
FREE-TO- TRIM, DISPLACEMENT RANGE | 
be ~ i | = = tf L | | 
ee LONGITUDINAL POSITION | | 
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| 20-5 ‘ 
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204 are DISTANCE FROM 
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INVESTIGATION CONDUCTED BY -24 


EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY 
HOBOKEN, NEW JERSEY _ 


SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 
Date: FEB.28,1946 €,G20:35> FWD. OF GENTROID Cs,= 1.80 (NOMINAL) DESIGNATION: 8 - 58-10.66 


MOoEL Beam: 5,40 "0.9 0b ABOVE KEEL k/L= 0,220 MODEL No. 634-03 
ae 
Pr =— 3 HULL LINES 
LOCATIONS OF TANGENGIES OF FOREBODY SPRAY BLISTER ENVELOPES| 
FREE-TO-TRIM, DISPLACEMENT RANGE 
24 + + i 2 
Ss LONGITUDINAL POSITION 
20 > + =} FROM CENTROID, C, /c,'”* 1 
* i Bs 
5 ia 
ce Dee exon t CENTROID ot 
a > 
ce 7 a T EO 
12 _ : < &—) 
> | 
é 
4 
hg HEIGHT ABOVE KEEL e Line_ 
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INVESTIGATION . CONDUCTED BY No 

EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY ~2 
HOBOKEN, NEW JERSEY 


SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


DaTE:MAR. 27, 1946 C.Gz 0-355 FWO.OFCENTROID Co.= 1.80 (NOMINAL) DESIGNATION: 8 -58- 13.33, 
MOveL Beam: 5.40 “""0.90b ABOVE KEEL k/L=0.220 MODEL No.635-02 


| HULL LINES 
LOCATIONS OF TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES, 
| FREE-TO-TRIM, DISPLACEMENT RANGE 
+ : 
LONGITUDINAL POSITION 
FROM CENTROID, C, /C,""> ' 
Eas 
STANCE FROM ¢ cenrroio< 
C/G | zd 
| _1. & 4 
| | 
HEIGHT ABOVE KEEL 
C2/C. | STATION SPACING GIVEN AS 
al DISTANCE FROM 
Cyt oq | 
NTROID, IN UNITS OF BEAM 
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FREE-TO-TRIM RESISTANCE AND TRIM 
DISPLACEMENT RANGE 
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- INVESTIGATION CONDUCTED BY N-2: 

EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY ~26 
HOBOKEN, NEW JERSEY 


« SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


5 arp, DEC. 12,1945 (REVISED) 3 :8-6l- 
DATEtapRIL i9, 1945 C.G=0-35 > FWO.OF CENTROID Cy,= 1.80 (NOMINAL) DESIGNATION: 8- 61-8 


MODEL BEAM: 5.40" * 0.90 b ABOVE KEEL k/L=0,220 MODEL No. 644 
HULL LINES 


T 
28 LOGATIONS OF TANGENCIES- OF FOREBODY SPRAY BLISTER- ENVELOPES! 
WY FREE-TO-TRIM, DISPLACEMENT RANGE 


es | LONGITUDINAL POSITION 
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zo 
£ 4 \ 4 
ies Ths \ HEIGHT aBovE KEEL e 
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STATION SPACING GIVEN AS 
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INVESTIGATION CONDUCTED BY : N-2< 
EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY -29 


HOBOKEN, NEW JERSEY 


SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


DATE:APRIL 19,1948 Gge038 b FWO.OF CENTROID Ca,= 1.80 (NOMINAL) DESIGNATION: 8~61-13.33, 


MODEL BEAM: 5.40" 0.90 b ABOVE KEEL k/L=0.220 MODEL No. 645 
287 LOGATIONS OF TANGENGIES OF FOREBODY SPRAY BLISTER ENYELOPES —+3{ HULL LINES 
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EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY —80- 


HOBOKEN, NEW JERSEY 


- SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


Date: SEPT. 20, 1945 €,G: 0-35 b FWD. OF CENTROID Ca. 
MODEL BEAM: 5.40" 


0.90 b ABOVE KEEL 


k/L= 0.211 


2.80 (NOMINAL) 


—— 


T T Eevee island Sho ool 
}— LOCATIONS OF TANGENCIES OF FOREBQDY SPRAY BLISTER ENVELOPES_|3 


DESIGNATION: 10-55-10 
MODEL No. 674 


HULL LINES 
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HOBOKEN, NEW JERSEY 


[ SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS a 


Date: JUNE 5, 1945 €,G:0:35 > FWO. OF CENTROID Ca, = 2.80 (NOMINAL) DESIGNATION: IO -55-16.67 
MODEL BEAM: 5.40" 0.90 b ABOVE KEEL k/L= 0.211 MODEL No. 675 


j 
LOCATIONS OF TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES —+3 HULL LINES 
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INVESTIGATION CONDUCTED BY Sete 
EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY a 
HOBOKEN, NEW JERSEY si 
SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 
Date: JULY 28, 1945 CG; 0-35 > FWO.OF CENTROID Ca.= 2.80 (NOMINAL) DEsiGnaTION: 10-58-10 
Move Beam: 5.40" “°"'0.90 b ABOVE KEEL k/L= 0.211 MODEL No. 689 
T T T T z 
28 LOCATIONS OF TANGENGIES OF FOREBODY SPRAY BLISTER ENVELOPES. 3 HULL LINES. 
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EXPERIMENTAL TOWING TANK-STEVENS INSTITUTE OF TECHNOLOGY -83 
HOBOKEN, NEW JERSEY 
SUMMARY CHART OF PRINCIPAL HYDRODYNAMIC CHARACTERISTICS 


Date: AUG. 18, 1945 ¢ ¢.0.35b FWO.OF CENTROID Co. * 2.80 (NOMINAL) Designation: 10-58-13.33 
Movet Beam: 5.40" 7" 0.90b ABOVE KEEL = -k/L= 0.211 Mopet No.685__ 


LOCATIONS OF TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES: 3 HULL LINES 
FREE-TO-TRIM, DISPLACEMENT RANGE 
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Date: JULY 16, 1945 ¢ 6.0.35 FWO.OF CENTROID Co, 2.80 (NOMINAL) DESIGNATION: 10-58-16.67 
MODEL Beam: 5.40" “"”" 0.90 b ABOVE KEEL k= 0.21 MODEL No. 686 
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Date: JULY 19, 1945 ¢ 6.035 FWO.OF CENTROID Cs. 2.80 (NOMINAL) DESIGNATION: 10-61-10 
Mopet BEAM: 5.40" “O.90b ABOVE KEEL «K/L 0.211 MODEL No, 687 
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Date: JULY 20, 1945 ¢ 6.0.35 FWO.OF cENTROID Cx. 2.80 (NOMINAL) DESIGNATION: 10-61 -16.67 
Model Beam: 5.40" “0.90 b ABOVE KEEL, K/L= 0.211 MODEL No. 688 
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